The purpose of this paper was (i) to test whether regional herpetofauna are distributed along climatic gradients (temperature and precipitation) and elevation, as well as land cover and land use (forest cover, residential area, agricultural area, area of lake/pond/marsh), and (ii) to determine the relative importance of 'climate/elevation' and 'landcover' variables in explaining herpetofaunal distribution. We also evaluated whether amphibians and reptiles respond differently to the environment due to their basic physiological differences. Finally, we assessed the relationship of particular species with human activities (e.g., deforestation and habitat conversion) and the distribution of herpetofauna species of conservation concern.
Materials and methods

Study area and species dataset
Tochigi Prefecture (36°34' N and 139°53' E) covers ca. 6400 km 2 of Honshu, the main-island of Japan. Despite its relatively small size, the prefecture exhibits diverse landscape features and striking environmental gradients. The northwest region of this prefecture consists mainly of high mountains (up to 2578 m in elevation) and hilly terrain (600-1000 m) occurs in the eastern region. Twelve trained investigators (including one of us, T.H.) conducted surveys during 1994-2000 throughout the prefecture. The surveys were originally aimed to gather basic data for conservation of prefectural herpetofauna, and subsequent production of their summary volume for Tochigi Prefecture (Tochigi Prefecture 2001) . The investigators covered all potential habitat types, including forests, grassland, wetland, river/stream, rice paddies, crop field, residential areas, and commercial districts. Searches primarily involved flipping rocks, logs, and debris, dip-netting in water, and frog and toad calling survey. Surveys were conducted both day and night time to find all potentially-occurring species. The resulting data set consists of 15 reptile and 18 amphibian species (Appendix 1) from the total of 2489 localities (amphibians = 1960, reptiles = 529) . A summary of this survey (without statistical analyses), including additional data obtained from questionnaires, published accounts, and museum records, is published in the governmental report volume (Tochigi Prefecture 2001) .
Environmental variables
We obtained data for 9 environmental variables from governmental sources (available from Municipal Governments and/or online from their official homepages), that were of potential relevance for herpetofaunal distribution and other herpetofaunal studies (e.g., Raxworthy et al. 2003) . All the variables are based on the means of 1994-2000 for each municipality. To account for the area variation among municipalities, we calculated each 'landcover' variable as a percentage of the total land area of a municipality. We categorized the variables as either 'climate/elevation' or 'landcover.' 'Climate/elevation' included mean annual precipitation, mean annual temperature, mean annual temperature range, and mean elevation, and 'landcover' included forested area, cropland, rice paddy field, lake/pond/marsh, and residential area.
Analyses
We analyzed the entire data set (reptiles and amphibians pooled) to evaluate the overall association of herpetofauna with environmental gradients. In addition, we analyzed reptiles (n = 15) and amphibians (n = 18) separately because they may differ in their response to their environments (Owen 1989 , Hofer et al. 1999 . Although the original data contain some information on number of localities per species per municipality, we are uncertain of the reliability and repeatability of such information as well as its relationship to abundance. We therefore used only presence/absence in our analyses.
We employed Canonical Correspondence Analysis (CCA) to investigate the relationship between the herpetofaunal assemblage and the specified environmental variables. Details and strength/limitations of CCA are found elsewhere (ter Braak 1986 , 1987 , Palmer 1993 , Lepš and Šmilauer 2003 . CCA allowed us to detect the patterns of variation that are best explained by the specified environmental variables. In CCA, ordination axes are constrained to be linear combinations of the supplied environmental variables. In order to evaluate the degree to which species composition is explainable by environmental variables, we compared CCA eigenvalues to those of correspondence analysis (CA).
We also performed partial CCA (pCCA; ter Braak 1988) to quantify the amount of variation explained by either 'climate/elevation' or 'landcover' alone. We also employed variation partitioning (Borcard et al. 1992 , Øk-land and Eilertsen 1994 , Økland 1999 to distinguish between the relative effects of 'climate/elevation' and 'landcover'. We only partitioned the variation explained by the supplied variables because the total inertia is an inade-quate measure of the total variation in the data (Økland 1999 ).
We performed all ordinations with CANOCO 4.5 (ter Braak and Šmilauer 2002), with default settings except when otherwise noted. We downweighted rare species to minimize their disproportional effect (Jongman et al. 1995) . We used a Monte Carlo permutation test (with 2000 permutations) to test overall significance of the ordination and of the first axis in CCA and pCCA.
Results
Relationships between herpetofauna and environment: whole data set
The inertia explained by the overall ordination and the first CCA axis were both significantly stronger than expected by chance (Monte Carlo test: F = 7.90, p = 0.0005, and F = 2.67, p = 0.0005, respectively), with the first CCA axis explaining 44.2% and the second axis explaining an additional 18.5% of the explained variation in the data set. In other words, species composition is significantly related to the environment and the ordination is nearly a one-dimensional pattern. Forest cover, annual temperature, annual precipitation, and elevation exhibited high correlations (|r|>0.82) with the first CCA axis, followed by rice paddy field (-0.80), residential area (-0.73), and cropland (-0.67); annual temperature range and lake/ pond/marsh contributed little to explaining species composition ( Fig. 1) . Overall, the spatial arrangement of Tochigi's herpetofauna exhibited elevational replacement, from the northwestern high mountainous area and northeastern hilly regions (colder climate, higher precipitation, and larger forested area), to the central and southern plain regions (warmer climate, lower precipitation, and larger agricultural and residential areas).
The distribution of species in the biplot ( Fig. 1) largely agreed with qualitative individual species accounts reported elsewhere (Sengoku et al. 1996 , Tochigi Prefecture 2001 . Species typical of the forest and high elevation (e.g., Onychodactylus japonicus and Rana sakuraii) were located on the right (northern regions), those typical of the residential area and low altitude (e.g., Gekko japonicus and Rana limnocharis) on the lower left (southern regions), those typical in agricultural area (e.g., Rana porosa, R. japonica, and Hyla japonica) on the upper left (southern regions). The species that inhabit "plain to mountainous" and "plain to hilly terrain" regions appeared at the middle portion of the biplot (Fig. 1) . All species that appeared at the left to the middle section of Fig. 1 were or likely to be associated with anthropogenic introduction. Rana limnocharis, R. catesbeiana, and Trachemys scripta are exotic to the prefecture. Gekko japonicus (Ota 1996 , Ecological Society of Japan 2001), Chinemys reevesii, Mauremys japonica, and Pelodiscus sinensis are likely introduced by humans (Tochigi is within their native range, but observations and information on site history suggest probable anthropogenic introduction). These species were strongly associated with human activities in our analysis.
The species scores on CA axis 1 were significantly correlated with those of the CCA axis 1 (n = 33, r = 0.99, p < 0.001). Moreover, the first CCA eigenvalue (0.196) and the first CA eigenvalue (0.217) were of similar magnitude. It was also reflected in the similar species composition revealed by CA and CCA diagrams. These results imply that the dominant compositional gradient is well approximated by the incorporated variables.
Partial CCA and variation partitioning: whole data set 'Climate/elevation' (Monte Carlo test, trace statistic: F-ratio = 1.54, p = 0.0025) and 'landcover' (Monte Carlo test, trace statistic: F-ratio = 2.11, p = 0.0005), significantly explained the herpetofaunal composition after accounting for variation in the other data set. Partitioning of the explained variation in the whole data set revealed that 'landcover' alone explained more unique variation (46.0%) compared to 'climate/elevation' alone (26.9%), but much of the variation (27.1%) was jointly explained by the both variable groups.
Separate analysis on amphibians and reptiles: CCA
The first two axes explained 78.4 % of the explained variation in the amphibian data set, while in the reptile data, 58.9 % of variation was explained by the first two axes. The overall ordinations were significant for both taxa (amphibians: F-ratio = 4.06, p = 0.0005; reptiles: Fratio = 1.56, p = 0.001). Overall, the correlations between the environmental variables and the first CCA axes were higher in amphibians than reptiles (Table 1) . In amphibians, forest, annual temperature, elevation, rice paddy field exhibited high correlation, and cropland and residential area to lesser degree. In reptiles, residential area exhibited the highest correlation, and forest, elevation, and annual temperature were moderate. 
Separate analysis on amphibians and reptiles: pCCA and variation partitioning
Variation partitioning revealed that the relative strength of variable groups differed. For amphibians, 'climate/elevation' alone explained about as much variation as 'landcover' variable alone, and nearly a half of the variation was jointly explained by both variable groups (Fig.  2a) . Ordinations for both data sets were significant; 'climate/elevation' (Monte Carlo test, trace statistic: F-ratio = 2.57; p = 0.0005) and "landcover" (Monte Carlo test, trace statistic: F-ratio = 2.27; p = 0.0005) variable alone significantly explained the amphibian species composition. That is, amphibian distribution is influenced largely by a combination of 'climate/elevation' and 'landcover'.
Reptiles, on the other hand, exhibited a different trend. 'Landcover' alone explained more than half of the variation, much less by 'climate/elevation' alone, and only 14.0% was jointly explained by both variable groups (Fig. 2b) . Thus, the two variable groups are not very redundant in explaining species composition, and each set explains unique aspects of species composition. The significant partial ordination was obtained for only 'landcover' (Monte Carlo test, trace statistic: F-ratio = 1.72, p = 0.0035). Thus, the distribution of reptiles is more strongly associated with 'landcover' than with 'climate/elevation'.
Discussion
We found a strong geographic gradient in species composition in Tochigi which was correlated with elevation, climate, as well as land cover and use. Overall, there was an elevational replacement of species composition, from the northern mountainous (colder climate, higher precipitation, and larger forested area) to the central and southern plain regions (warmer climate, lower precipitation, and larger agricultural and residential areas). This trend is consistent with other studies in various regions that showed strong climatic influence on herpetofaunal distribution (Currie 1991 , Wright et al. 1991 , Guisan and Hofer 2003 , Hawkins et al. 2003 , Navas 2003 . Herpetofauna are highly dependent on their thermal environment, and thereby, the species-specific thermal physiological limit seems to determine which species can be present in a given position along the temperature gradient (Naulleau 1986 , Weatherhead 1989 , Guisan and Hofer 2003 , Navas 2003 , Shine et al. 2003 , Lourdais et al. 2004 . Hofer et al. (1999 Hofer et al. ( , 2000 suggested that competitive interactions were of minor importance in contrast to the physiological limits imposed by the elevational gradient.
Land cover and land use were also strongly associated with the herpetofaunal distribution in the prefecture. This is not surprising, given that many herpetofaunal species are habitat-specific and/or dependent on landscape complementation (e.g., Pope et al. 2000) . For example, we found Achalinus spinalis (Japanese odd-scaled snake) to be restricted to forested areas. This is probably because unlike most other snake species, they lack overlapping scales which would retard water loss, making them relatively intolerant to drying (Sengoku et al. 1996) . For R. ornativentris, shallow, still-water bodies (i.e., breeding habitat) must be adjacent to a substantial forest cover (i.e., nonbreeding habitat) for it to complete its life cycle (Tomioka 1990, Osawa and Katsuno 2001) . In a study of Mediterranean landscapes, the abundance of certain land use types was closely related to herpetofaunal richness (Atauri and Lucio 2001) . Houlahan and Findlay (2003) reported that wetland amphibian richness and community composition were influenced by adjacent land use.
Given that aquatic habitats are important for many herpetofauna, especially amphibians, significant contributions of the lake/pond/marsh variable would be expected. However, we found no such contribution. This can be attributed to non-inclusion of other herpetologically relevant water-associated variables such as temporary wetlands and streams, as well as small water bodies. The resolution of the lake/pond/marsh data in our data set was crude, not including small water bodies. In fact, large water bodies were not commonly inhabited by amphibians in Tochigi, whereas small water bodies abound with amphibians. Unfortunately, the data for such fine-scale wetlands are not readily obtainable. Alternatively, our results may indicate overriding importance of the other incorporated variables in our analysis (i.e., climate, elevation, forest cover, residential area, and agricultural land) in explaining herpetofaunal distribution in Tochigi. Finally, it is possible that at our coarse spatial scale, the existence of appropriate wetlands in a municipality is virtually guaranteed, and hence is not a factor in determining the presence or absence of species.
We observed differences between the responses of amphibians and reptiles. Amphibians were largely influenced by 'climate/elevation' and 'landcover' together. In contrast, reptile composition was largely associated with 'landcover'. Similar patterns have been observed in other studies. In Maine, USA, amphibian richness was explained by both woody plant variation and climate, while reptile richness is explained by woody plant variation more so than climate (Boone and Krohn 2000) . In Mediterranean landscapes, the correlation between altitude and species richness was greater for amphibians than reptiles (Atauri and Lucio 2001) . Nogues-Bravo and MartinezRica (2004) suggest land cover determines reptile species richness.
This taxonomic difference is likely to result from basic biological differences between reptiles and amphibians (Pough et al. 1998 , Zug et al. 2001 , Navas 2003 . Generally speaking, amphibians are more thermoconformers and moisture-sensitive whereas most reptiles thermoregulate behaviorally and are not as much moisture-sensitive. Amphibians must deal with complicated interaction between thermoregulation and water balance, whereas reptiles are not as moisture-sensitive. Such taxonomic differences suggest that amphibian distribution is limited to areas where elevation-derived factors (e.g., temperature, precipitation, moisture) in combination with appropriate land cover provide particular suitable conditions. Ihara (2001) suggested that the discontinuous distribution pattern of the salamander H. tokyoensis was determined by the distribution of seeps, which in turn is related to geomorphology.
Species appearing near the center of an ordination biplot (i.e., species with modes in the center of the elevational gradient; Fig. 1 ) are problematic for interpretation because they can be either unrelated (poorly fit) to ordination axes (possibly because they are widely distributed in various habitats) or species that have true optima at that position (ter Braak 1987) . In either case, we found these species to be typical inhabitants of satoyama regions (traditional, rural sustainable ecosystems comprised of a mosaic of natural and moderately manipulated landscape elements; Kato 2001 , Takeuchi 2001 , Washitani 2001 and to be widely distributed, including plain and hilly terrain in their distribution ranges. These species were once historically more common. Unfortunately, satoyama is a vague concept that is hard to quantify, so we were not able to include it as one of our explanatory variables. Importantly, species with modes in the middle elevations are listed in the RDB as species with declining populations. This seems to be a logical consequence because satoyama regions are currently under extensive anthropogenic modification (Fukamachi et al. 2001) .
Virtually all the species (except B. buergeri) with modes in the high elevation are not listed as declining species in the RDB. The mode of B. buergeri, however, might have shifted toward higher elevation due to virtual extirpation of this species from plain regions. Species associated with forest and high elevation may be confined to such areas. Moreover, several of them exhibit limited distribution range (e.g., Hynobius nigrescens) or occur in extremities of the species geographic range (e.g., Rana sakuraii). Accordingly, they are designated as 'Noteworthy' in the RDB for their limited distribution in the prefecture. Therefore, they are likely to be vulnerable to anthropogenic disturbances and caution is needed in developing regions with extensive forests and at high elevations.
All exotic species were strongly associated with anthropogenic gradients, namely, area of residential area, cropland, and rice paddy field, which are also associated with warmer temperature and lower elevation. One of the exotics, the bullfrog (Rana catesbeiana), was introduced into Japan since 1918 and spread into plains and low hills, in association with paddy fields and larger bodies of water surrounded by plenty of vegetation (Goris and Maeda 2004) . It is noteworthy that the distribution of the bullfrog in Tochigi was confined to low elevations (mostly ≤ 150 m), even though its elevational range stretch up to 2740 m in its native range in North America (Stebbins 1985) . A similar trend was also observed in the red-eared slider (Trachemys scripta elegans), introduced since the 1960's. It seems likely that anthropogenic factors, such as releasing and habitat modifications, have allowed exotic species to invade low-elevation sites where anthropogenic activities are most intense (Fisher and Shaffer 1996) . Because these exotic species are capable of living in higher elevations, it is probable that they can invade into higher elevation habitats if humans create sufficient opportunities and disturbances.
There may be some limitations in data set. For example, the data may be incomplete because rare, localized, and/or inconspicuous species may be missed (Palmer 1995) . Inaccessibility of some areas may also lead to false absences. Accordingly, some caution must be taken when interpreting results from such data sets. Nevertheless, similar data sets have proven valuable for elucidating broad scale distribution patterns of various taxa (e.g., Andersson 1988 , Hill 1991 , Titeux et al. 2004 ).
Despite such possible limitations, our study found clear relationships between herpetofauna and both climate/elevation factors and land use/cover factors in Tochigi Prefecture. In conclusion, herpetofaunal distribution was strongly associated with both climate/elevation factors and land use/cover factors in Tochigi Prefecture. Accordingly, land management and habitat conservation should be carefully implemented within the distributional limits set by elevation/temperature-related factors. For example, reserve design should cover a broad range of the elevational gradient for conservation of regional herpetofauna. In addition, further modification of land cover (e.g., deforestation and urbanization) in satoyama and forested regions should be minimized to protect RDBlisted and forest species. Because anthropogenic factors seem to be an important determinant of exotic species distribution, continued anthropogenic disturbance in currently uninvaded areas may cause exotics to expand their range.
